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[57] ABSTRACT 
A brushless motor includes a rotor having a multipolar 
magnet with n-number of magnetic poles and a stator 
yoke having a plurality of ?eld coils disposed at a posi 
tion opposing the multipolar magnet. The stator yoke of 
the brushless motor is provided with a magnetic-resist 
ance varying portion to improve the smoothness of 
rotation of the rotor. 

2 Claims, 9 Drawing Sheets 
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BRUSHLESS MOTOR 

This is a division of US. application Ser. No. 
07/133,782, ?led Dec. 16, 1987 now US. Pat. No. 
4,9l2,924. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to brushless 

motors and, more speci?cally, to a ?at type brushless 
motor of the type that includes a plurality of spiral coils 
disposed on a stator yoke; a permanent magnet disposed 
on a rotor at a position thereof opposing the spiral coils; 
and a detecting device for detecting the phase of rota 
tion of the rotor so that an electric current is supplied to 
the coils while being sequentially switched over there 
between at a predetermined timing, thereby generating 
drive torque. 

2. Related Background Art 
A capstan motor which is commonly used with a 

magnetic recording/reproducing apparatus or the like 
is illustrated in FIG. 1 as one typical example of a con 
ventional type of brushless motor. A stator yoke 1 is 
attached to a housing 2, and a plurality of spiral coils 3 
are disposed on the stator yoke 1 around the circumfer 
ence thereof. A rotor yoke 4 is supported via a bush 6 
on a rotating shaft 5, and a multipolar magnet 7 is at 
tached to the rotor yoke 4 at the position thereof oppos 
ing the spiral coils 3. An FG magnet 8 which is magne» 
tized at a ?ne pitch is disposed around the outer periph 
ery of the rotor yoke 4, and a magnetism detecting 
device 9 is attached to the stator yoke 1. In general, the 
magnetism detecting device 9 is constituted by a semi 
conductor magnetic resistance device for detecting 
variations in magnetic resistance. The magnetism de 
tecting device 9 detects the state of rotation of the rotat 
ing shaft 5 from variations in the magnetic ?eld caused 
by the magnet 8. 
A Hall element 10 is ?xed t0 the stator yoke 1, and the 

Hall element 10 can be used to detect the phase of the 
multipolar magnet 7 while the rotor yoke 4 is rotating 
about the axis of the shaft 5. 
A ball bearing 11 and a metal bearing 12 cooperate 

with each other to support the rotating shaft 5 for rota 
tion about its axis with respect to the housing 2. 

In the brushless motor having the above-described 
construction, torque is produced by supplying an elec 
tric current to the coils 3 while the current is sequen 
tially being switched over among the coils 3 at a prede 
termined timing based on the output of the Hall element 
10, thereby driving the rotor yoke 4. In a case where 
such a motor has three phases, a composite torque is 
produced in a manner such as that shown in FIG. 2. 
More speci?cally, if n represents the number of mag 

netic poles of the multipolar magnet 7, the distributions 
of magnetic flux density in the coils of the respective 
three phases varies in the form of sine waves, with (a) a 
?rst phase, (b) a second phase, and (c) a third phase 
shifted one from another as shown in FIG. 2A, since the 
coils 3 corresponding to the respective three phases are 

_ disposed on the stator yoke 1, and are the coils 3 out of 
phase with respect to the magnetic poles by an electric 
angle of 120°. A current is sequentially supplied to the 
coils 3 of the three phases in the positive and negative 
directions at the timing shown by wave forms a, b, and 
c in FIG. 2B. Therefore, torque is generated in corre 
spondence with each individual phase as shown in a 
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2 
wave form d of FIG. 2C, and the resultant composite 
torque assumes a wave form e in FIG. 2C. Thus torque 
ripples are formed. 
Such torque ripples cause non-uniform revolution. If 

T represents the magnitude of the torque ripples, N the 
rotational speed of the rotating shaft 5, J the inertia 
force, and AN the degree of non-uniformity of rotation, 
the relationship represented by the following expression 
is established: 

AN‘: (1) 

Therefore, in particular, use of a capstan whose rota 
tional speed N is low increases the degree of non 
uniform rotation AN due to the torque ripple T. This 
results in a problem in that magnetic recording/repro 
ducing apparatus will experience wow and flutter at 
low frequencies as in sound signals and jitters as in 
video signals. To cope with this problem, inertia force 
has in the past been increased. However, adoption of 
this measure is retrogression in relation to the desirable 
tendency to seek a reduction, in the total weight of the 
apparatus. 

SUMMARY OF THE INVENTION 

It is therefore a ?rst object of the present invention to 
provide a motor in which it is possible to reduce the 
aforementioned torque ripples. 

It is a second object of the present invention to pro 
vide a brushless motor having a construction such as 
that described illustratively in the related art in which 
motor a magnet and ?eld coils are respectively disposed 
on a rotor yoke and a stator yoke in a flat manner and in 
face-to-face relationship with each other, the yoke for 
forming a magnetic circuit for magnetic flux being pro 
vided with a construction for generating cogging 
torque which acts to compensate for torque ripples. 

It is a third object of the present invention to provide 
a ?at-type brushless motor having a magnetic-resistance 
varying portion formed in a yoke member for genera 
tion of cogging torque. 
A ?rst feature of the present invention resides in a 

three-phase brushless motor comprising a rotor yoke 
having a multipolar magnet with n-number of magnetic 
poles; a stator yoke arranged to cause the rotor yoke to 
rotate about its axis; and at least three ridges disposed 
on the surface of the stator yoke which opposes the 
multipolar magnet and around the circumference of the 
stator yoke at a pitch equivalent to an electric angle of 
60°. 
A second feature of the present invention resided in a 

three-phase brushless motor comprising a rotor yoke 
having a multipolar magnet with n-number of magnetic 
poles; a stator yoke arranged to cause the rotor yoke to 
rotate about its axis; and at least three holes formed in 
the surface of the stator yoke which opposes the multi 
polar magnet, the at least three holes being coaxial with 
the circumference of the stator yoke and being disposed 
at a pitch equivalent to an electric angle of 60°. 
A third feature of the present invention resides in a 

brushless motor comprising a rotor having a permanent 
magnet magnetized alternately in N and S polarities 
around the circumference thereof; a plurality of arma 
ture coils disposed in face-to-face relationship with the 
permanent magnet in a number which corresponds to 
the number of phases; an armature yoke for ?xedly 
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supporting the armature coils; and a magnetic-resist 
ance varying portion for generating a cogging-torque 
wave form which is of a phase opposite to that of the 
wave form of torque ripples generated by the brushless 
motor. 

These and other objects will become apparent from 
the following description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view, partially in cross 
section, of the construction of a typical example of a 
brushless motor of the related art; 
FIGS. 2A, 2B and 2C are graphs illustrating the 

torque ripples of the brushless motor of the related art; 
FIG. 3A is a diagrammatic cross section of the essen 

tial portion of a ?rst preferred embodiment of the motor 
of the present invention; 
FIG. 3B is a diagrammatic illustration of one example 

of the construction of the brushless motor of the inven 
tion, and illustrates the arrangement of ridges formed on 
the stator yoke of the motor; 
FIG. 3C is a view similar to FIG. 3B, illustrating the 

arrangement of the magnetic poles of the multipolar 
magnet provided on the rotor yoke of the motor; 
FIG. 4 is a wave-form chart illustrating one example 

of the wave form of torque loss which is generated in 
the brushless motor of the invention; 
FIGS. 5A, 5B and 5C are wave-form charts illustrat 

ing the process of using the torque loss obtained from 
the brushless motor of the invention to eliminate torque 
generated: 
FIG. 6 is a diagrammatic illustration of the construc 

tion of a stator yoke constituted by one modi?ed form 
of the ?rst embodiment of the invention; 
FIG. 7A is a diagrammatic illustration of another 

modi?ed form of the ?rst embodiment of the present 
invention; 
FIG. 7B is a diagrammatic illustration of yet another 

modi?ed form of the ?rst embodiment of the present 
invention; 
FIG. 8 is a diagrammatic illustration of a second 

preferred embodiment of the present, showing the ar 
rangement of slots formed in the stator yoke of the 
motor; 
FIG. 9 is a view similar to FIG. 8, illustrating the 

arrangement of cutouts formed in the stator yoke of the 
motor; 

FIG. 10 is a view similar to FIG. 8, illustrating the 
arrangement of circular holes formed in the stator yoke 
of the motor; 

FIG. 11 is a diagrammatic cross sectional front eleva 
tion of the essential portion ofa third preferred embodi 
ment of the present invention; 
FIG. 12 is a cross section taken along the line XII 

——XII of FIG. 11; 
FIG. 13 is a cross section taken along the line XIII 

—XIII of FIG. 11; 
FIG. 14 is a graph showing torque generated in the 

third embodiment; 
FIG. 15 is a plan view of one example of an armature 

yoke to which the third embodiment of the invention 
pertains; 
FIGS. 16(0), 16(b), 16(c), and 16(d) are schematic 

views illustrating a manner in which cogging torque in 
generated in the third embodiment of the invention; 
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4 
FIG. 17 is a schematic views illustrating a manner in 

which cogging torque is used to compensate for torque 
ripples in the third embodiment of the invention; 
FIG. 18 is a plan view of another example of the 

armature yoke in the third embodiment of the invention; 
FIG. 19 is a diagrammatic cross section of one exam 

ple of a magnetic-resistance varying portion in the third 
embodiment of the invention; and 
FIG. 20 is a diagrammatic cross section of another 

example of the magnetic-resistance varying portion in 
the third embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

Preferred embodiments of the present invention will 
be described in detail below with reference to the ac 
companying drawings. 
FIGS. 3A through 7B illustrate a ?rst preferred em 

bodiment of the present invention. 
FIG. 3A illustrates in cross section the essential por 

tion of a brushless motor to which the invention is ap 
plied. The structure of the motor shown in FIG. 3A is 
a simpli?ed one of that shown in FIG. 1, and therefore 
the description thereof is omitted. 
FIGS. 38 and 3C illustrate the stator yoke 1 and the 

multipolar magnet 7 attached to the rotor yoke 4, re 
spectively, but neither the spiral coils 3 on the stator 
yoke 1 nor the details of the rotor yoke 4 are shown for 
the sake of simplicity. By way of example, the multipo 
lar magnet 7 has eight magnetic poles. 

In the ?rst embodiment, three ridges 20 are disposed 
radially on the side of the stator yoke opposing the 
multipolar magnet 7. The three ridges 20 are spaced 
apart from each other at the circumference of the stator 
yoke 1 at intervals equivalent to a predetermined me 
chanical phase angle (an electric angle of 60°). More 
speci?cally, if n represents the number of poles of the 
multipolar magnet 7 (in this embodiment n=8), the 
pitch angle GM of the multipolar magnet 7 is 
360°/n=45° and the pitch angle 6, of the ridges 20 is 
HIM. 

In the ?rst embodiment in which the three ridges 20 
are disposed at intervals equivalent to the pitch angle of 
0,=§. 0M: 360°/n><§, during the revolution of the 
rotor yoke 4 about its axis, each time one of the poles of 
the multipolar magnet 7 moves past the area in which 
the ridges 20 face the magnet 7, the magnetic ?ux varies 
at each of the ridges 20 and thus cogging torque is 
generated. This variation in the magnetic ?ux is gener 
ated in correspondence with the position of each of the 
poles of the magnet 7. Therefore, as shown in FIG. 4. 
the number of variations in torque, that is, the number 
of torque ripples generated in each revolution of the 
rotor yoke 4 is: 360°/0,=n>< 3:24. 

In general, in brushless motors of this type that incor 
porate a multipolar magnet having n-number of poles, 
(n><3)-number of torque ripples are generated. In this 
embodiment, however, since the three ridges 20 are 
disposed at equal intervals at the pitch angle of 
360°/n><3, it is possible to generate cogging torque 
multiplied by the number equivalent to the number of 
torque ripples generated. This cogging torque is made 
to act upon the rotor yoke 4 as torque loss such as that 
shown in FIG. 5A, to compensate for the torque gener 
ated shown in FIG. 5B, thereby providing a composite 
torque such as that shown in FIG. 5C. 
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FIG. 6 illustrates one modi?ed form of the ?rst pre 
ferred embodiment of the present invention. In this 
modi?ed form, the ridges 20 are disposed around the 
whole circumference at the pitch angle of 0,: 15° 
which is the same as that shown in FIG. 3B. In this 
modi?ed form, since the ridges 20 are disposed at the 
pitch angle of 360°/n><3, cogging torque such as that 
described above can be generated in correspondence 
with n-number of poles, and at the same time. It is ac 
cordingly possible to make uniform the deviations be 
tween the crests and roots of wave forms which are 
derived from ‘any error in the pitch angle, thereby fur 
ther effectively eliminating torque ripples. 
FIG. 7A illustrates another modi?ed form of the ?rst 

embodiment of the present invention. In this modi?ed 
form, saw-toothed extensions 30A are formed at a por 
tion of the circumference of the stator yoke l on the side 
thereof opposing the rotor yoke (not shown in FIG. 
7A). In this modi?ed form as well, if the number n of 
poles is 8, the pitch angle 0, at which the sawtoothed 
extensions 30A are disposed is 15“. 
FIG. 78 illustrates yet another modi?ed form in 

which comb-toothed extensions 30B are formed at a 
portion of the circumference of the stator yoke 1 at a 
pitch angle of 15’ in a similar manner to that of the 
modi?cation shown in FIG. 7B. In each of these modi? 
cations, it is preferable that the number of extensions 
30A or 308 be three or more. The extensions may be 
disposed around a part or ‘the whole of the circumfer 
ence of the stator yoke 1. As a matter of course, as 
shown in FIGS. 7A and 7B, a plurality of extensions 
equivalent in number to a multiple of 3 may be provided 
around a part or the whole of the circumference of the 
stator yoke 1. 

All of the above-described embodiments and modi? 
cations refer to the instance where, for the purpose of 
illustration, the pitch angle 0, is 360°/n><3. Although 
not shown speci?cally. if the number of poles is likewise 
8, a similar effect may also be accomplished by forming 
a plurality of ridges or extensions such as the abovede 
scribed ones equivalent in number to at least three or a 
multiple of 3 at a pitch angle 0,, of 30", 60° or 120° 
(equivalent to an electric angle of 60°). Thus, in an 
instance where the pitch angle 6; is selected to be 
(15X23)°, three ridges or extensions are disposed, al 
though not shown, with an equally spaced apart rela 
tionship around the entire circumference. 
As described above, in the ?rst embodiment of the 

invention, at least three ridges or extensions are formed 
on the side of the stator yoke opposing the rotor yoke at 
a pitch equivalent to an electric phase angle of 60° with 
respect to the multipolar magnet having n-number of 
poles. Accordingly, each time one of the poles of the 
multipolar magnet moves past the position at which one 
of the ridges or extensions is located, cogging torque is 
generated. The number of generation of the cogging 
torque is always n><3 in each revolution of the stator 
yoke. Accordingly, the torque ripples can be eliminated 
by combining the torque ripples generated by the motor 
with the cogging torque as torque loss. 

Embodiment 2 

A second preferred embodiment of the present inven 
tion will be described below with reference to FIGS. 8 
to 10 in which like reference numerals are used to de 
note like or corresponding portions relative to those of 
the ?rst embodiment. 

25 

35 

45 

50 

55 

65 

6 
In the second embodiment, three slots 21 are disposed 

radially in the stator yoke 1. The three slots 21 are 
spaced apart along from each other at the circumfer 
ence of the stator yoke 1 at intervals equivalent to an 
electric phase angle (an electric angle of 60°). More 
speci?cally, if n represents the number of poles of the 
multipolar magnet 7 (in this embodiment n=8), the 
pitch angle GM of the multipolar magnet 7 is 
360°/n=45° and the pitch angle 6, of the slots 21 is 50M. 

In the second embodiment in which the three slots 21 
are disposed at intervals equivalent to the pitch angle of 
0,: l. 0”: 360°/n X I, each time, during the revolution 
of the rotor yoke 4, one of the poles of the multipolar 
magnet 7 moves past the area in which the slots 21 are 
formed, the magnetic flux varies at each of the slots 21 
and thus cogging torque is generated. This variation in 
the magnetic flux is generated in correspondence with 
the position of each of the poles of the magnet 7. There 
fore, as shown in FIG. 4, the number of variations in 
torque, that is, the number of torque ripples generated 
in each revolution of the rotor yoke 4 is: 
360°/0,=n x 3 = 24. 

In general, in brushless motors of this type that incor 
porate a multipolar magnet having n-number of poles, 
(n><3)-number of torque ripples are generated. In this 
embodiment, however, since the three slots 21 are 
formed at equal intervals at the pitch angle of 
360°/n><3, it is possible to generate cogging torque 
multiplied by the number equivalent to the number of 
torque ripples generated. This cogging torque is made 
to act upon the rotor yoke 4 as torque loss such as that 
shown in FIG. 5A, to compensate for the torque gener 
ated shown in FIG. 5B, thereby providing a composite 
torque such as that shown in FIG. 5C. 
FIG. 9 illustrates one modi?ed form of the second 

preferred embodiment of the present invention. In this 
modi?ed form, cutouts 30 extend radially inwardly 
from a portion of the circumference of the stator yoke l 
and from an outer periphery of the stator yoke 1 and are 
spaced apart from each other at that circumference at 
an pitch angle of 0x=l5° which is the same as that 
shown in FIG. 8. In this modi?ed form, since the cut‘ 
outs 30 are formed at the pitch angle of 360°/n><3, 
cogging torque such as that described above can be 
generated in correspondence with n-number of poles, 
and at the same time. It is accordingly possible to make 
uniform the deviations between the crests and roots of 
wave forms which are derived from any error in the 
pitch angle, thereby further effectively eliminating 
torque ripples. 
FIG. 10 illustrates another modi?ed form of the sec 

ond embodiment of the present invention. In this modi 
?ed form, circular holes 40 are formed in a portion 
coaxial with the circumference of the stator yoke l at 
the pitch angle of 0x= 15'. In each of these modi?ca 
tions, it is preferable that the number of cutouts 30 or 
circular holes 40 be three or more. In addition, the 
cutouts or holes may be formed around a part or the 
whole of the circumference of the stator yoke 1. As a 
matter of course, as shown in FIGS. 9 and 10, the cut 
outs or holes equivalent in number to a multiple of 3 
may be provided around a part or the whole of the 
circumference of the stator yoke 1. 

All of the second embodiment and modi?cations 
refer to the instance where, for the purpose of illustra 
tion, the pitch angle 6, is 360°/n><3. Although not 
shown, if the number of poles is likewise 8, a similar 
effect may also be accomplished by forming the cutouts 
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30 or the holes 40 equivalent in number to at least three 
or a multiple of 3 at a pitch angle 0,, of 30°, 60° or 120° 
(equivalent to an electric angle of 60°). ‘Thus, in an 
instance where the pitch angle 6,‘ is selected to be 
(15 X 23)", three cutouts or holes are disposed, although 
not shown, with an equally spaced apart relationship 
around the entire circumference. 
The above description, for the purpose of illustration, 

refers to the formation of the slots, the circular holes, 
and the cutouts. However, they are of course not con 
?ned solely to the forms illustrated in this embodiment. 
As described above, in the second embodiment, at 

least three cutouts, slots or holes are formed in the 
stator yoke in face-to-face relationship with the rotor 
yoke and opposed to the rotor yoke in the direction of 
thickness of the stator yoke, at a pitch equivalent to an 
electric phase angle of 60° with respect to the multipo 
lar magnet having n-number of poles. Accordingly, 
each time one of the poles of the multipolar magnet 
moves past the position at which each of the cutouts or 
holes is located, cogging torque is generated. The num 
ber of generation of the cogging torque is always n>< 3 
in each revolution of the stator yoke. Accordingly, the 
torque ripples generated can be eliminated by utilizing 
the cogging torque as torque loss. 
FIGS. 11 through 20 illustrate a third preferred em 

bodiment of the present invention. 
FIG. 11 is a diagrammatic cross section illustrating 

the third embodiment of the invention, FIG. 12 is a 
cross section taken along the line XII—XII of FIG. 11, 
and FIG. 13 is a cross section taken along the line XIII 
-—-XIII of FIG. 11. The third embodiment relates to a 
coreless ?at brushless motor. 
A rotor assembly includes a disk-like rotor yoke 102 

which forms a return circuit for magnetic flux and is 
rotatably supported by a combination of a shaft and a 
bearing (neither of which are shown); and a ?eld perma 
nent magnet 101 attached to the surface of the rotor 
yoke 102 opposing a stator assembly and having a plu 
rality of magnetic poles. The poles are radially formed 
in such a manner that the polarity of each of the poles is 
adjacent to a polarity opposite thereto. 
The stator assembly includes a plurality of armature 

coils 103 disposed in face-to-face relationship with the 
?eld permanent magnet 101, with a predetermined spac 
ing de?ned between the coils 103 and the magnet 101; 
and an armature yoke 104 for ?xedly supporting the 
armature coils 103. 
As shown in FIGS. 12 and 13, the third embodiment 

has the structure of a three-phase flat brushless motor 
having six coils and hence eight poles. A three-phase 
armature is constituted by coil group 1030, 103b, and 
103:: each including a pair of the armature coils 103. 

In the above arrangement, the coil groups 1030, 10312, 
and 103C of the armature coils 103 are sequentially ener 
gized with a phase difference equivalent to an electric 
angle of 60' by energization means (not shown). Thus, a 
rotating magnetic ?eld is generated so that the rotor is 
caused to revolve by the force of repulsion produced 
between this magnetic ?eld and each of the magnetic 
poles of the ?eld permanent magnet 101. In this case, 
torque is generated as shown in FIG. 14 between the 
?eld permanent magnet 101 and each of the armature 
coil groups 103a, 1031; and 103c. In the case of energiza 
tion in opposite directions at an angle of 120°, each 
generated torque Ta, Tb, and Te has a pseudo-sine 
wave form showing a phase difference equivalent to an 
electric angle of 60°. Therefore, from the viewpoint of 
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8 
the entire motor, the composite torque acting between 
the armature coils 103 and the ?eld permanent magnet 
101 has a wave form (a wave form T/d in FIG. 14) in 
which torque wave forms equivalent to two phases are 
added. The composite torque exhibits its minimum 
value at the angular position at which the torque wave 
form of each phase reach the maximum value. 
A wave form Te in FIG. 14 is a cogging torque wave 

form used to compensate for the torque ripples of the 
composite torque Td. As is evident from FIG. 14, the 
cogging torque Te reaches its maximum minus value at 
each angular position at which the composite torque Td 
reaches the maximum value while, at each angular posi 
tion at which the composite torque Td reaches its mini 
mum value, the cogging torque Te reaches the maxi 
mum plus value. It is thus possible to compensate for the 
ripples of the torque generated. 

In order to generate this cogging torque, as shown in 
FIG. 15, slit-like recesses 142 are partially formed at 
predetermined intervals around the outer circumfer 
ence of the armature yoke 104, thereby forming a por 
tion adapted to vary magnetic resistance (the width of 
each raised portion 141 is equal to that of each slit-like 
recess 142). The pitch angle between adjacent ones of 
the raised portions 141 is selected to be, for example, 15 
degrees, and the angle between the axes of opposite 
sides 131 and 132 of each of the armature coils 103 is 
selected to be, for example, 45 degrees. Speci?cally, the 
angle of 45° between the sides 131 and 132 corresponds 
to an electric angle of 180". Therefore, the pitch of the 
slit-like recesses 142 corresponds to an electric angle of 
60°. Incidentally, the raised portions 141 serve as a 
low-magnetism resisting portion and the slit-like reces 
ses 142 serve as a high-magnetism resisting portion. 

In FIG. 15, if the direction of rotor revolution is 
represented by an arrow A, a shift equivalent to an 
electric angle of 15° is formed between the axes of each 
raised portion 141 and the sides 131, 132, that is, a 3.75” 
phase shift is formed in terms of a mechanical angle. 
The manner in which cogging torque is generated is 

described below with reference to FIGS. 16A to 16D. 
FIG. 16A illustrates a case where each of the raised 
portions 141 is located at a position opposing the center 
of each magnetic pole of the ?eld permanent magnet 
101, that is, FIG. 16A illustrates a magnetically stable 
state wherein cogging torque is zero. In the state shown 
in FIG. 18A, when the relative position between the 
?eld permanent magnet 101 and the raised portions 141 
shifts leftwardly or rightwardly, cogging torque acting 
to return the relative position to the state shown in FIG. 
16A is generated. 
FIG. 16B illustrates a positional relationship in which 

the cogging torque acts leftwardly. FIG. 16D illustrates 
a case where the cogging torque is zero, that is, a mag 
netically unstable state. 
FIG. 17 is a view illustrating the principle of a com 

pensation operation in which torque ripples are com 
pensated for by cogging torque. The ?eld permanent 
magnet 101 is magnetized alternatively in S and N po 
larities and, for example, when the side 131 opposes the 
center of N polarity, the side 132 opposes the center of 
S polarity. When the armature coils 103 are energized at 
this position, the torque acting between the armature 
coils 103 and the ?eld permanent magnet 101 reaches its 
maximum value which corresponds to the position of an 
electric angle of 90° in FIG. 14. Since the composite 
torque reaches its minimum value at this position, it is 
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necessary that the cogging torque assume its maximum 
plus value. 

If the rotor moves in the direction indicated by an 
arrow B of FIG. 17, all that is required in the state 
illustrated in this Figure to generate cogging torque 
which causes the ?eld permanent magnet 101 to move 
in the direction of the arrow B. Therefore, in order to 
achieve the objects of the present invention, the raised 
portions 141 of the armature yoke 104 are formed se 
quentially in such a manner that the phase of the electric 
angle is shifted by 15 degrees from the center of the 
width between the opposite sides 131 and 132 of each 
coil 103 in the direction of rotor rotation. 

In the state shown in FIG. 17, when the rotor moves 
through an electric angle of 30°, the composite torque 
reaches the maximum value (corresponding to the posi 
tion of the electric angle of l20° in FIG. 14). At this 
position, the cogging torque needs to reach the maxi‘ 
mum value in the direction opposite to that of the arrow 
B. Therefore, the width of each of the raised portions 
141 of the armature yoke 104 is selected to a size corre 
sponding to an electric angle of 60‘. In this case, the 
raised portions 141 having a width equivalent to an 
electric angle of 30° are formed around the outer cir 
cumference of the armature yoke 104 at a pitch corre 
sponding to an electric angle of 60°, whereby the com 
posite torque ripples can be compensated for by the 
cogging torque. In principle, no torque loss occurs since 
the cogging torque is generated alternately in the plus 
and minus directions. 

In FIG. 15, by way of example, the raised portions 
141 are formed around a portion of the outer circumfer 
ence of the armature yoke 104. However, it is preferred 
that the raised portions 141 be formed around the entire 
circumference of the armature yoke 104. In addition, it 
is preferred that the radial length of each of the slit-like 
recesses 142 be determined in accordance with the mag 
nitude of torque ripples to be compensated for. 

FIG. 18 illustrates another example of the raised por 
tions 141. The raised portions 141 may be radially 
formed around the circumference of the yoke 104 
shown in FIG. 19, for example, by welding, or may be 
pressed as shown in FIG. 20. Incidentally, reference 
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10 
numeral 143 denotes a groove formed between the re 
spective raised portions 141. 
The preferred embodiments are described herein 

above with illustrative referece to a'flat type brushless 
motor. However, it will be appreciated from the cross 
sectional development of FIG. 17 that the present in 
vention is applicable to a cylindrical brushless motor. 
As described above, in accordance with the present 

invention, the armature yoke is provided with the mag 
netic~resistance varying portion for generating a cog 
ging wave form which is of a phase opposite to that of 
a torque-ripple wave form. It is therefore possible to 
provide a brushless motor in which torque ripples can 
be reduced by a simple construction without the need to 
reduce the torque of the motor per se. 
We claim: 
1. A three-phase brushless motor, comprising: 
a rotor yoke having a multipolar magnet with n-num 

ber of magnetic poles; and 
a stator yoke arranged to cause said rotor yoke to 

rotate about an axis thereof, said stator yoke having 
slots formed on a surface thereof opposed to said 
rotor yoke in a direction of thickness of said stator 
yoke and extending in a radial direction and spaced 
from each other by a predetermined interval in a 
circumferential direction, for generating a cogging 
torque wave which is of a phase opposite to that of 
a wave form of torque ripples generated by said 
brushless motor. 

2. A three-phase brushless motor, comprising: 
a rotor yoke having a multipolar magnet with n-num 

ber of magnetic poles; and 
a static yoke arranged to cause said rotor yoke to 

rotate about an axis thereof, 
wherein at least three cut-outs formed on said stator 

yoke radially with respect to the axis of said rotor 
yoke and opening toward an outer periphery of 
said stator yoke and opposing said multipolar mag 
net, said at least three cut-outs being distributed 
around a circumference of said stator yoke at a 
pitch equivalent to an electrical angle of 60 de 
grees. 
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